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1 Introduction
From the RAN1-AH1901 to RAN1#96bis meeting, the aspects related to the initial access signals and channels such as the subcarrier spacing for SS/PBCH block in 5GHz and 6GHz band, the SS/PBCH block structure/pattern, and Type0-PDCCH monitoring configuration were agreed as follows: [1]-[3]
	Agreement at RAN1-AH1901 meeting
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.
Agreement at RAN1-AH1901 meeting
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)

Agreement at RAN1#96 meeting:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.
Agreement at RAN1#96 meeting:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.

Agreement at RAN1#96bis meeting:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U
Agreement at RAN1#96bis meeting:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot


[bookmark: _GoBack]In this contribution, we provide our view on NR-U DRS design, SS/PBCH block transmission pattern, Type0 PDCCH monitoring configuration for NR-U operation, RMSI-PDSCH rate-matching and its configuration for default PDSCH SLIV table.

2 Discussion 
NR-U DRS design for NR-U operation
During NR-U study item phase, we have discussed NR-U DRS design with the followings captured in the TR38.889 [4].
	Section 7.2.1.2 in the TR38.889 v16.0.0 
…
For PSS/SSS/PBCH transmission, NR-U should have a signal that contains at least SS/PBCH block burst set transmission. The design of this signal should consider the following characteristics specific to unlicensed band operation:
-	There are no gaps within the time span the signal is transmitted at least within a beam
-	The occupied channel bandwidth is satisfied (although this may not be a requirement)
-	Strive to minimize the channel occupancy time of the signal
-	Characteristics that may facilitate fast channel access
Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (referred to as the NR-U DRS) can be beneficial for
-	Meeting OCB requirement
-	Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
-	Support of stand-alone NR-U deployments
-	Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
-	Resolution of PCI confusion in an NR-U deployment
The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.
Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and an SS/PBCH block occurring in different time instances, and the CORESET#0 bandwidth overlapping with the transmission bandwidth of the SS/PBCH block.
As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space(s).
…


In addition to the above characteristics, it seems beneficial to consider additional characteristics for NR-U DRS such as 1) at least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us under the condition of being satisfied with the DRS duty cycle ≤1/20 and the total duration up to 1 ms, 2) the LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary, and 3) no gaps for contiguous transmission within a slot not to allow the medium by other coexistence device after LBT success irrespective of within a beam or between different beams.
· Proposal 1: It seems beneficial to consider additional characteristics for the design of NR-U DRS containing at least SS/PBCH block burst set transmission as follows:
· At least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us
· To set an LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary 
· To allow consecutive transmission within a slot not to allow the medium by other coexistence device irrespective of within a beam or between different beams 

SSB pattern in time and Type0-PDCCH monitoring
Regarding SS/PBCH block transmission pattern within a slot and Type0-PDCCH monitoring, it was agreed at the previous meeting to select one of the following three alternatives in this meeting [3].
· Alt 1: Legacy SSB positions in a slot with support Type0-PDCCH of length-1 or length-2 symbol for CORESET#0
· Alt2: New SSB positions in a slot with support Type0-PDCCH of length-1 or length-2 symbol for CORESET#0 
· Alt 3: Legacy SSB positions in a slot with support Type0-PDCCH in symbol (#7) of only length-1 symbol for CORESET#0 for the 2nd SSB in a slot 
For SS/PBCH block transmission pattern within a slot, it seems beneficial to have Alt-1 or Alt-3 same as legacy NR Rel-15 SSB positions in a slot for 15kHz/30kHz SCS considering aspects including such as the commonality with NR licensed operation, reuse of existing UE implementation for SS/PBCH block in Rel-15 NR and no specification impact. And it cannot only offer an additional opportunity for transmitting with other channel/signals at the end of DRS slots but it can also start PDCCH/PDSCH transmission at the 1st symbol of the slot which is consecutive slot in time with DRS slots by being free at the end of the DRS slot for LBT. In addition, it can make it possible to perform Cat-2 LBT for DRS within 1ms for consecutive DRS slots more than 1ms under the condition of being satisfied with the DRS duty cycle ≤1/20. The Alt-2 has advantage with symmetric half-slot allocation from the perspective of the possibility that SS/PBCH block transmission. Also, Type-0 PDCCH monitoring configuration within a half slot may be possible due to LBT success before the second half slot for initial access case with the flexibility of the Type-0 PDCCH transmission at the gNB, both 1-symbol and 2-symbol CORESET#0 configurations for Type-0 PDCCH monitoring. However, it is required to have two different UE implementation for SS/PBCH reception in a slot separately between licensed and unlicensed bands. it does not provide an opportunity to transmit short PUCCH at the end of a slot of DRS without RMSI. Therefore, we support Alt-1 or Alt-3 to reuse NR Rel-15 SS/PBCH block transmission pattern for 15kHz/30kHz SCS.
· Proposal 2: We support Alt-1 or Alt-3 to reuse NR Rel-15 SS/PBCH block transmission pattern for 15kHz/ 30kHz SCS.
For default PDSCH SLIV table, 4-symbol or 5-symbol length as the number of symbol for RMSI-PDSCH allocation can be considered including symbols located at the 2nd half slot in a slot for RMSI-PDSCH allocation. For 4-symbol length of RMSI PDSCH allocation, symbol #2 at the 1st half slot and symbol #8 at the 2nd half slot in a slot can be used as the starting symbol of RMSI-PDSCH regardless of CORESET#0 symbol length and for 5-symbol length of RMSI PDSCH allocation, the same symbol position such as symbol #2 at the 1st half slot and symbol #8 at the 2nd half slot in a slot can be used as the starting symbol of RMSI-PDSCH. Regarding 6-symbol length for RMSI-PDSCH allocation, it is necessary to further discuss whether the default PDSCH SLIV table is needed or not.
· Proposal 3: For default PDSCH SLIV table, symbol #2 at the 1st half slot and symbol #8 at the 2nd half slot in a slot can be used as the starting symbol of RMSI-PDSCH regardless of CORESET#0 symbol length for RMSI-PDSCH allocation with 4 or 5-symbol length.

Conclusion
In this contribution, we have discussed NR-U DRS design and SS/PBCH block transmission pattern in a slot for NR-U operation and summarize our view as follows. 
· Proposal 1: It seems beneficial to consider additional characteristics for the design of NR-U DRS containing at least SS/PBCH block burst set transmission as follows:
· At least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us
· To set an LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary 
· To allow consecutive transmission within a slot not to allow the medium by other coexistence device irrespective of within a beam or between different beams 
· Proposal 2: We support Alt-1 or Alt-3 to reuse NR Rel-15 SS/PBCH block transmission pattern for 15kHz/ 30kHz SCS.
· Proposal 3: For default PDSCH SLIV table, symbol #2 at the 1st half slot and symbol #8 at the 2nd half slot in a slot can be used as the starting symbol of RMSI-PDSCH regardless of CORESET#0 symbol length for RMSI-PDSCH allocation with 4 or 5-symbol length.

References
[1] Final Report of 3GPP TSG RAN WG1 #AH_1901 v1.0.0
[2] Final Report of 3GPP TSG RAN WG1 #96 v1.0.0
[3] Draft Report of 3GPP TSG RAN WG1 #96bis v0.1.0
[4] 3GPP TR 38.889 v16.0.0, “Study on NR-based access to unlicensed spectrum (Release 16)”

